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. , • 1. . INTRODtJCriON 

, ' • ' ^ ' 

. .Much of a person's life is. ^pent in solv-ing problem's. 
Usually, we use a tool or a set of tools to assist us in 
sp^lvihg tliose problems. Fo-r example, when faced with the 
pipblem oJ transporting. mys<jlf from where I am now 'to a 
location across town where, I woul^ like tQ*be, I might 
•use an automobile, as a j:ool.^ If I am fac^a with'^the ' v 
jjproblem of ^removi,ng the contents 'of a ^capped bottle , a 
bottle-opeiidr .would be an appropriati&'tool . >.In some easels. 
I need to use "a combination .of tocfhs. ' For ex^m^le* if I , 
^ had 1:0 remove the • consents 'df-^ capped bottle that was* in 
a store across town;, *I would us^. both tl^e abtomobile and 
the bottle-opener. 

For many problems that peopl^ nefed to s^erlVe, 'the 
'computer is an appropriate tool But' the computer is 
just a tool; it will not solve a problem by" itself. The 
compute,!^ can assist you in solving a problem only if you' 
know how to Utilize it correctly. This mo'dule introduces 
techniques and ideas which you may apply whien using the 
computer to solve- pi;6blenjs! * * * 

^ Althdu'gh we-'are primarily' concerned with; the use of 
compuirers iiK the problem solving'' process , the- techniques ^ 
•are applicable to other A*ode$. of' solving proj^lems.* 

' . X • 2, -ALGORIT HMS ' ' - • ' 

.^'^^^ ^irSf task ^in s.olving a problem is finding^' 
appr^riate ways ofVepresenting the solution process. 
'The more^carefully this is done-, the eSsier the problem 
solving process.' An algorithm is a common way of repre- 
senting the splution process, so we begin by defining 
this term; ^ 




An oVdered set of rules fort.solving a pro^blem is - 
callexi an algoritlCm it has 'the following properties: 

1. The rqles are unambiguous. ' ' - ^ / 
'- 2. "The rulSs »re in a proper sequence. 

, , 3. The procedure specified by the set of rules 

solves the,pj-oblem\ ' /• ' 

The procedure terjninates a^ter 'a fini'te number, 
of steps, or actions specified by the rules, 
We will "back into^' an understanding of what an 
algorittvm is by first considering what ^one* isn't. ' ' ^ 

Nonalgorithm 1. ' Directions for jgetUng to the hospital. 

'1. Gp west on Tenth Street until you'come to a 
stoplight. , . ^ 

2. Turn onto Riv^r Avenue at the stoplight. 
' 3. 'Make., a right at the Y on River Aveniie. 

4. The hospital will be on your^right a few blocks^ 
past the Y. - ' . » 

Unfortunately, we have all been the recipients; and 
probably the givers as well, of nonalgorit'hmic directions 
likfe these. I hope your illness/is not too acute*in this, 
case because^ if it is, yon may terminate before the 
algorithm does. The problem , with' this nonalgori thm ' is 
that it v^iolates condition \ by^ b^ing amhi'^uous. In 
rul^e 1, -which stop light is meant? In ruie 2, which^waj^ ^ 
should I turji?' At the Y described; in rule/s, there is a J ♦ 
righj: fork and a sharp right tur^-- possible. » Which should 
I take? How many blocks are a few in step 4? 

Nonalgordthm 2. Di<-ections for passing, aii exam." / 

G^t .lots of slee'p^he night before- the' exam. " 

2. Otitline the material. 

* 

3. Read „the- material . 

4. Listen • attentively in class. / 

5. Jake the examination. 



This -nonalgbrithm contains rules .that might be 
adequate to solve the- problem,' but they cannot be ! - , 
carried/opt iii- the specified order.' Alhus th«^ rules are 
not in 'proper . sequence', an4 C9ndition 2 of the algorithm 
definition is' violated, * , 

'-- Nona Igor ithiii 5^ , Directions for passing a true-false test 

•1. Bring^ a coin to the tes,t« . 

, 2. Flip the coin for each item on the tjest. 
* ♦ ■ ' ' 

3.' If the cpin lands heads respond with true, if - 

^ /'the* coin lands tails, respond with fals^. ^ 

There is no ambiguity in this nonalgorithm, and 
§teps*are in proper sequence' The only dif Acuity is 
that unless you have an unusually intelligent (luckyV) * 
coin, this procedure may net solve ^the problem at hand^ 
,^which is to pass the test. I+ence, condition. 3 of the 
definition is- violated. ' ♦ 

Nonalgorithm 4. iJi'rections for/making a million dollars. 

1*.. Get IQ mil 1 ian- dimes . 

2., Go/ to Las Ve^as. / . / 

3. Play tlje dime $lot machines until either you 

' have 20 million (or more) dimes or until you . 

' ' riin out of them. ' \ , - /' / 

4, If you run' out of dim'esn go back to' step 1. 

*' '5.. ^ If ypu reach 20 millidVI dimes, -quit while-you * r'fe 

_ ' ahead!" '\ ^ t- * ' . ^ 

•* • - * =^ , - - ^ 

' / ' • ' \ ' . 'f^ - ^ • - 

Even if you obtain' the ^supply of d^mes, needed in 

step Jvand/thfe cranlcing .poWcr needed in step 3,, this_, 

procedure is still a nonaTgoriTJim because it may never 

terminate: , there .is^ no guarantee that you will ever 

/obtain the-desired result, at step 3. Hente , "condi tifon 4 

in th.e definitic^n i^ violated.' • ; 

JNow we are regdy to conside.r an* example which does 

qualify as an' algorithm unde'r our definition. | 



Algorithm 1 : Find ,th« greatest pommon divisor of two • • 
' gi'ven Tiumbets, N and M. * ' « V 

t 1 . Let K be the- smaUer "of N and M. ' » . . • 

2. If K divides both N and M, then K is> the 
greatest common divisor. . * ' * " 

3. Otherwise,. subtract 1 from K. ' ' . - ' 

4. ' Go to step 2. ^ , - 

This algorithm is unambiguous, its rules are in 
proper sequence,^ it solves the pxoil^em, and it does*sp in 
a finite number of steps.. ^ It is alst); very 'simple and ~ . 
easy to follow. However, it /may take a long' time to 
solve the problem using. this algorithm. For example,, 
if 15-798433 aTi-d"S66832 ^re* us'ed for N"a rid M/^^ip 2 * ^ 
would be executed 566783 times before the correct , > 

answer of 49 is found. A more efficient algprithm,' that 
'is,^one that can solve the same problem wit-h much less 
effort', is known, and we shall present it next. ' 

Algorithm 2. given two r^umbers, N and M, find their \ 
greatest common .divisor. ' . ^ ' 

1. If N is smaller' than M, then exchange the two: 
2.. Divide ^'n by M and call the remainder R. 
3- If tjie remainder R is zero-, then M is th*e GCD 
4. Otherwise, set N to the valye of M an'd M to the 
value OJE.R. . / . ' 

' l*-5. Go '^o' -step 2. ^ ' • 

^ If we follow this .algorithm' 'for'N = 15798433,'/ 

obtain the spc^ssive values o£'M'as follows; 







= 566832 




• M 


= 493969 






= 72863. 






= 56791 




M 


=.16072 




M 


= 8575 




M 


=*7497 



1078 / 

t 



i ' • M = 1029 

, M =• 49 • 

'In* this oa'se we execjate step 2'onily nine times, 
significant improvement over Algorithin 1. 

The phenomenon which we observe here occurs often in 
al^drithms. ' Algprithm- 1 is -simple, straightforward, dnd' 
solves the problem in 'an inefficient manner. Algoritfim 2 
is much more^eff icient but he cost is ajl<*itional diffi- 
culty in und«rstanding-'it;^ This ^tradeoff between' ^implic*- 
ity^and efficiency of algor^thpis^ frequentl)*' forces the 
algorithm- designer to "make a decisign'on the ^ubj.ect .of 
pr^o^iti^s. , , , * ' * • 



Exerci ses * , , 
f — • / / . 

1. , Modify nonalgorithm 2 to make it" an al'goritHm. 

t • 

2. Determine whether each of the following are algorithms, or non- 
algorithms. For each nonalgoritRm,* find, the rule or" rules it 
violatBS* 2^nd rewrite it as an algorithm/ * * , 

(a) How .to place a telephone call. / ? 

1. 'Pick up the receiver. * . , , 

2. ^ Listen for k dial tone-. " j . ' - ' 

3. Dial the number. - , ' ^^x- • • » • 
' the' conversation. , f . ' ^ 

(b) How to find>.word in. a dijct^onary or determine', that it is ' 
not listed. i • 

1 . . Turn to any page s ; . _ _ _ _ 

• ^ * , ' ' ' - * - - - 

. 2. If word at th^ top. left oJj the' pqgq occurs alphabe- > 

. ' ^ ticallly after the desired word, go* to sterf*4 ) 

^ f ^ • /' ' • ' / 1 • • 

- 3. • Turn ahead •10/ pages and go to step 2. " * 

, 4. Turn back 2 page's. • 

. , 5. If^^-word at the top! right is before* the*' desi*red wtfrd* ^ 

. go to step's^ - * 

6. ^ Scan page for desired word. . ''- ''^1 ^ . 

7. If it is found, writer a definitionT^ • 
,. 8. If it is' not found, .write, "not* in dictionary..'; 



(c) How to fill a ditch with sand. 

• * » • ' 

1<^ Obtain a shovel. ^ 

2. Start shove^ring sand into the^^itch. * 
' 3., If you run out of sand, ^o gdt more an(J go toNstep'r. 
4?^ When ditch i^ full, stop. 

(d) ^How a doctor heals a patient.^ ' . • 

1.' Learn 'about j)atient's problem.** 

2^. Considei; tfee symptops. ' ' ^ ^ 

* 3. Initiate a treatmeAit. 

4. Examine and test patient. ' >^ 

' » 5. If patient is cured', tiien send the •bill. ' 

; £ ... 



5. 'FU)WCHART LANGUAGE > ' 

" We npxt ask' how w^ should express algorit^h^ns. ' In 

other words, is there a'convenxent language for comuni^' 

eating an algorithm from one.persoi| to anothe^r or from* 

a persori to a computer? ' . ' . I 

' ' ^" • f 

The Jangua^e we have uffed above* in. conynuni-cating*. 

Algorithms 1 and 2 ^s English /-which -is very appropriate 

because it is understood by a reasonably . large subset of 

the pe9ple with whom we communicate. Engl ish has\twp 

disadvantages,- ho^rever. , First/, it is" ambiguous as far a 

meaning is* eoncerried,.^.nd therefore, even d carefully \: 

worded algorithm can suffer *from the ainbiguity of^the 

language . - Second, jEriglish is. hot an appropriate languag 

fpr communicati^ig with cpmpirters , since it is too •dompli 

cated for them to understand.' 

It would .appear/'theoi, that a^computer programming- ^ 
language may be "an answer to 'our "dilenuna. ^Programming ' 
languag&^^are, oJ' necessity , unambiguous, aAd^re • 
understandable to the computer. And imdeed one of our"* 
goals, is to express algorithms in thi-s form so that the 
computer catij solve the problem.. But people have diffi- 
culty expressing algorithms directly in brogramming * 
( ^ . ' ^ ' ' / ^ ' ..-6 

■11 



language's. For this reason .wjfr *devel op an intermediate 
language be.tweeh English and thejprogramming language, 
which we call Flowchart Ljikguage, " , 

The'^^xpression or an algorithm in Flowchart 
Language -consists of 'the rules of the algorithm -written 
in abbreviated English and pictured graphically in 
"baxes.** These boxes are connected by ar.rpws which 
indicate the sequencing of ihe steps, We will use this 
Flowchart Language to express all of our algorithms. 

There*are five different kinds of boxes that are 
lised in representing algori^t^hms. 

I » , . ^ — ^ 

1. Terininal box . - 



START ^ ^ STOP ^ 



Terminal boxes are used to identify the starting 
point and stoppjLng- point .of an algorithm. They, will 
alwatyA.^c?)n*taio either the word START or the word STOP. 

2: Proces^ingr box i ' * 




The' work of tlf^ algorithm Jls specif-led i'n^pjjpcessing 
boxes^ 1 1' cpAtains an- English. statement which describes " 
the action that\is to_be taken. 



3. Iitput box 



, Each input box contains the names of variables 
"whose values are to be obtained from a known source. 
For example,^ ^^e.^box ^ • * 



N,'M 



represents the obtaining of two values, the, first called 
N and the sfecond M.' 



4. Output box 




Like an input box, each output box contains the 
names of variables. The values o£ these Variables are 
to be displayed in somq form. rfFor example, the box ^ 

i_ 



indicates that the current value of X isyto be displayed 



S. Decision box 




Each, decision box contains a qfuestion which -caiuij 
answered yes or oo. If the answer is/*yes," the "yes" 
^ * path is'.ta1cen_fx0m---th;e-^^ Ff' the'answer is "uV," the 
o**'^'paihis taken: 

\' ' • t ' • • 

As an example, Algorithm 1 in' Flowchart Language is 




\ 



shownr belo.w. 



( ^^ START ^ 









/ 














wr ■ • ' ' 




- N 
















Set K to^ the smaller 
<|f N and u\ 




J' 

N 


no 


Subtract 1 


from 









^ STOP ^ 



^^^^^^JJ^^^that are used in an -algorithm to represent 
numerical values and whose values m^y cha'nge during the 
execution of the algorithm,, are called' vaniables . Three 
Variables N, M, and-'K, are used in, Algorithm 1. It is- 
easier to understand what atf algorith>n does if there- is » 
some, explaivati^oTLJo^f— tiiB"'^^ of the variables i-ncluded 

le algori'thm. For example, for Algorithm 1,. our 
variable descriptions Would be as fbllows: ' / 

^ . ' , Variabies ' ' '* 

^ , ' ' — ^. » ' . . 

Name ' « Descriptions ' ^ 

^ . • 

N,M The two given numbers^. ^ . 

K • . A counte^r-.us^d in" searching for the 

, ^ greatest commoji divisor. It will 

^ .contain the greatest common divisor. 

when the algorithm terminates.^ 

Setting a variable to the value of another variable 
or to the result of some arithmetic expression is such a 
common algorithm step that a special symbol, the, left 
pointing arrow, is. used to' represent it; For example, 

means "set A to the -Value of B." This notation can 

^Iso be used to represent the incr^mentingj or decrementing 

of variables. The step "add 1 to X" is given by . 

Using this new symbol and the variable description^, 
w-e can now restate Algorithm 1. 

Algorithm 1 - Second Version . Given two nuipbeTs.,Jftand M, ^ 
'find^their greatest common divisor. ' , 

Variables * 

^ 7 

Name ^ Description 

The two. given numbers, » 
A counter used to search for the greatest 
common divi*sor. ^It wirll contain the 
-.greatest iommon divisor when the 
algorithm Iferminates. ^ rr' * 10 , 




15 



Eifercises' I ' . 

3< Write algorithm 2 in the Flowchart Language. 
4. Follow' the aLgorfthm described in the following flowchart 
*and givct'^the resulting output when the input value is 5. 

Variables 
Natte . Descriptions 
. N The number input. ' . 

I ,A counter. 

Sun > ^ The sum of the first N integers . 




4. PROBLEM SOLVING STEPS 



1 



1 /c 



Now that we have the concept of an algorithm and the 
flowchart langt^age^ available , we- are ready to, learn ho^^ 
to use\these tools 'in soivi^ng problems. It would.be' 
simpie if we .could put the statement of a problem into a 
machine arid get out an algoTithm? for solving it. Uri- . 
fortunately, no such machine has ever bepn discovered. 
Problem solving, is accompli-shed only through careful work; 
before the algorithm is constructed, detaile4 planning aifd 
analysis must occur; after the algorithm is ''constructed^, 

-17 - 
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e^Ctensive testing must take place to verify that it 
does iiiJ^eed solve the problem. ' v. 

-^ III thi"^ section^ we outline a' step-by-step proc'ecjure 
that is useful in the gonstructipn of algprithms which' 
* solve^problems. You might call this an algorithm for' 
^-constructing^ algorithms. This proce'ss consists of L- 

seven steps^which hre described below. 

' >-' 

;1. Precisely define .the problem. 

At th^s step, the probl^em "solver ^dj^erm^nes what 
the^prablem is-; This step, in practice ;lis/'usual ly j 
quite difficult. \In many courses we are:|iot concerned 

• vdth this srt^p since, the projblems are p,r€tei'sely folrfnu- 
lated ^jy^^the textbookc^author or the insti&ctor. An 

trimportant part of this step iSv determiiring exactly what 

form the ouijput of the problem- should havl^. ^ 

*'V * *^ • . * \ ' '"^ 

, 2; Identify the- inputs to the problem. P • — 

At .tfxis step, you |isk, *»What are the pertinent facts 
iba_t >are giv^n iiT'-this problem?" The answe'r will depend 
on; what Is available and. what is needed. One imporrant 
aspect of this -task is determining the .appropriate form 
for the input. ' . 

3. Identify the outputs of the problem. * 

. ♦ ' O ' .vU^ f , 

Here you determine the, results' tfeat are desired. By 
consrdering the ^result of step 1 , yotf^ shoi|ld,be able to ^ 
determine what is needed and in what form. - , , 

4. Constjruct an algorithm for the 'sofution . 

- ; • This IS the key step in the pro^cess and on$ which 
can' oause 'the mpst 'trouble. Too rn'any problem- solvers 
try to skip' this step or combi«|ie it with the next in^an 
effort to obtain a solution quickJLy. This is a situation 
where haste really does make waste: time ^hv^,st,ed , in 
careful formulation here can save much more tim^ at steps 
6 and 7.. ; . I 



5. JmplemeTit the algqrithm for the solution 

In computer problem solving, this step is Jcpown as 
programming. • If step 4 is done carefully, it 'dan be 
carried out in A straightforward way once the basics ^f 
a programming language are mastered. 

6. Test the procedure constructed in step 4. . ^ 

Once the implementation is comple/e, we t4st tjie* - 
procedure using inputs for which the corYect oikputs %re' 
known,. and compare the results with our expectations. 
If^they differ,, then the exi5t,ence of an error has been ' 
discovered.' there is a temptation to assume the algorithm 
is jcori'ect ^nd rush through this. step. As yoU gain-m6re, 
experience with. computer problem solving, you will learn 
(probably the hard way) that you' should never assume- any- 
thing correct. That kind of skeptical attitude makes 
-foT-nrher^be^st testing! 

7. Locate and correct errors uncovered by testing and go*, 
back to step 6. 

Errojrs may originate^at step 4 or step 5. Usually 
thosef^ which originate at" step 5 are fairly easy to detect 
and correct because they require some minor modification 
to the program. Errors which' origniate afstep 4 are 
much mofK^ difficuit:. Such 'errors may require you to 
completely rethink your algorithm and, in some cases^ 
discard all .you -have done 'and start over. Again, a careful 
job^t step 4 can avoid this\waste. 

5. .AN EXAMPLE 

Lett's follow this process through for a simple . 
problem.* The problem is .to read a set of numbers and 
determine how many are positive and how many are negative. 

1. Precis^e formulation - The problem as stated above 

leaves out some necessary anformation Virst, what are 
. w& to do *ith zeros? Should they 'counf as positive', 

* ' •Id 



negative, or not at all? Secondly ho w-wil 1 we . V 
know when we have all oi ^th^ numbers? 

We can solve* both of these problems at once by 
spying a zero will not be counted as positive or negative 
•but rather a zero will signify; the end^of the data. * 
Therefore, .our more precise formulation of the problem 
now reads as follows: . 

'Reafl a set' of numbers .until* a* zero' is ericouh-r 
tered and 'count* th^ number-of positive .and' 
negative numbers read. * ' v * 

2. Inputs - The inppts will be the ,gi-ven set of numbers/ 
-all non^zero, followed by a zero. Note that any input 
not ending wltk a zero is invalid for this problem. 

3;, Output - The'^QUtpuf of our problem consists ^af two 
numbers, the number. x)f positive values and the * 
'number of negative values. ^ 

4. Construction of an algorithm- - Our jElowchart language 
,is d Useful tool here and we can nicely fo^rmulate. our 
^ sdlutiorf as follows; , ' 

Algorithm Z^T^ Goun^t the humber -of ^positive ani.^negativtf 
^values in. -a datajset - Version 'l/^^ 1 / 



START . 




values until 

a zero is 
^_ read 



Count .the number , of ! 
negati^?e and -the number 
of positive valTje^ 



^inal counts. 
o"f negative and 
positive values. 



This, solution algorithm, though certainly correct, provide's 
./top little detail to, be of sufficient lise in impleme^ta- 
tion^ 'Therefore, we' refine it. / 

yyigorithm 3 . Count the number of 'positive and negative 
yalHies "in, a d.ata set - Version II. ^ ' , 



Name ■ 
VAL 
NNEG 
NPOS 



Description . 

The.1 values input. 

The number of negative values. 

The number of positive' values. 
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••■ J , ••• . ■ 

... . . J . - 

This' algorithm appears to be correct. 'Bu^* as we 
warned earlier, never assume anything is correct. 

5. Implementation - Algorithms such as this one are 
implemented translating them into a cdmputer programm- 
ing language such as FORTRAN or BASIC. Since this 
module is intended to be independent oB programming 
languages, we will not discuss this step in algorithm 
development. If you are inter-ested in*pursuing this' 
further, you iflaf do so by learning to program in any 
programming langjiage. ^ ' ^ 

6. Testing - The above algorithm was\ implemented in a 
programming language and *run Vith tthe following result^ 

/ Input: 12,-5,15,-2,7,0 ^ . ' ; 

Output: NNEG=1 762 699507 
NPpS=200173158r 

Obviously, there is some difficulty here. .The 

strategy used to check for the presence of an error 

• ^Bs to use an input for which we know what the output , 

shouH,be. ^ When the output obtained -differed from 

our expectations, -we' knew' there was an ^rror, and y 

therefore.jve'inijts^t proceed directly to step 7. . . 
"■■/*■ ' # 

Had we be6n successful in generating the ex- 
pected output for this particular input, we should- run 
' additipnai tests until we ."have satisfied ourselves 
/; that the- l)rocedure 'is correct.. 

^ • ^ . , . — _ 

7. Locate, and correct errots - This phas^ of the problem 
solving proces^ is a difficult One wHrch is learned, 
only through experience^!. In this case, we notice 
that values of NNEG and NPOS are quite wild and'after 
a little thought we suspect that th^Se two variables^ 
Kere^^npt. given proper initial values, which in this 
^case should be zeros. In many programming languages, 

variables like NNEG and^05 are not automat icall^ - set 
.to zero. In- order to insure the correctness of our 



program we need to dnclude' steps to do Tfiis . 

Aftej: our algorithm ^i$ modifie4'to include these 
initializations to zero, it tak-os the following form* 

Algorithm 4. Count the number of .positive and negative 
values in a data set - Version 3. . * 



Name 
VAL 
NNEG 
NPOS 



Variables Descriptioji * 
The values input. • «- 

The number of negative Values . 
The number of positive values. 



START ^ 



NNEGi-0 

nPqs^P 




NNEG-hNNEG+1 



yes • 







NNEG.NPOs] 


yes 











'/ STOP 



NPOS-^NPOS+1 



-24 
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• After making the .correction whith -results in 
Algorithm 4, we must return again to s\ep 6 for testing. 
•Extensive testing of the implemented version of this 
algorithm will reveal no further errors. When we have 
tested enough to satisfy ourselves with the correctness 
^ of the algorithm, we accept it as providing the solution 

We have now outlined a basic^ proc^edure for'sojving 
- a problem. This procedure can be put ^n the form, of a 
flowchart as well. ' ^ ' 



START 



1 • 



formulate the problem 
^precisely > 



Identify the inputs 



Identify the outputs 



i "'' - V ' ' ' * Locate and correct 'err 



STOR^ 
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Exercises . ^ - , 

Follow through the first four of the seven problem solving steps, 
with the fgllowing problems;^ 

5. Put three numbers into non-descending order. 

6. Calculate the mean of a set of numbers. 

7. Input an^ integer and compute the sum of all integers from 

one to the integer input. \ 
* . « ' * 

8. Input an amount A, and an interest rate Iv Compute the ^prw^ipaL 

resulting if A'dollars are invested for ^ given time period*" . 

with interest rate I percent per time period, 
,« • < ^ ' 

9. Inp\it A and I as in'4^ and N,- the 'number, of time periods, ♦ 

Compute the principal resulting if A dollars, are invested f^r 
N time periods V with interest rate I percent per time period 
* compounded after each time period. 



27 



22. 
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6. ANSWERS TO^EXgRCISES 



1.. One possible solution might be: - 

!• Read the. material . 
2. Listen 'attentively in class. 
Outline the material. 
Gets lots of sleep the night bt^'re. 
Take .the examination. 



(a) Konalgorithm because it may fail to solve the problem. 
Pot example, what happens if the line is busy? 

(b) Nonalgorithm because it may not solve the problem. If 

, * the search begins on an even (odd) page, > then only even 
(odd) page's will -be scanned. If step 4 l^ad read, 'JTum 
back 1 page,^V the procedure would have'beeiv an algori'thm. 

(c) Nonalgorithm" because \t is ambiguous. Step -3 does not 
' * Qxplain'hpw.td get more sand. " , 

(d) . Nonalgorithm ^®cau«i|^eps ^re out of order* If steps 

were changed to 1,4,27^5 then it would' be better. TVlso, 

n^ action is specif i«di if patient is not ^red, so the 

procedure may^not terminate. ' One could add^the step: * 

6. If patrSpt dies,' then stop treatment j 
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^ START \ 




yes 




Exchange N 
and M 


' - 



Divide N by 
call the remainer R 




yes 






Set N 


to 


M 




Set M 


to 


R' 




1 











^ stop' ^ 



This will -print 

* N=5 ^ * ' 

sums 15 . f ' ^ * * 

Precise foimulation: "Put three real numbers into^'non-descending 
order. ' , - 

Input: The three numbers in originar'order. ^ 
^Output; ^The three numbers in non-descending order. ' ^ 
Al gori thm : Variables - ' 



Name 



Description . 

A^B,C ^**The thi^ee^ariables read and placed in order 
^ wi^ A the smaUest and C the largest. 
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yes 



Exchange B, 
and A 

' 



* ' Variables 

Algorithm: Name ; Description 

N o The number of values x'ead, 
K The counter from 1 to N, 

sum . The suiif of the values read, 
value The values whose mean is computed, 

mean " The mean. 



yes 



Exchange B 
and'c . 



yes 



Exchange A 
and B 



no 



A,B,C 




6. Precise fonaulation': ,Kead'a value N, followed by N real 
■'\ numbers and calcuiate- the mean of the N'real numbe'rs. 
1 Inpyi1?,N and N.real values. 



Output:- The mean p'f the H real Wues 



•v.--*- 

wLues 
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7. Precise formulation: Input a positive integer and compute 

the sum of ail* positive integers, less than or equal to the 

integer input. ^ . 

Input: A positive integer, ^ 

» 

6utput: The sum of all positive integers less than of equa^ 

to the integer input. 
Algorithm: Variables * ^ 



Name 
N 
I. 
sum 



Description * ^ ^ 

Jhe n'umber of integers sunmed^ 
A counter from 1 to if.' ^ ' 
The sum of the integers . 



^ START ^ 



1^1 
sum<-0 



Precise formulation: Given a principal amount A in dollars 
and an interest rate I in percent per time period, compute the 
principal at the end of one time period. 
Input: Principal amount A and interest rate i. 
Output: Principal after one time period. 

Algorithm: ^Variables ^ 
Name Description 

A . The amount of beginning principal. 

I The interest'*i'ate in percent, 

prin - The amount of principal at the end of 
the time period. 




Precise formvilation: Qiven a principal amount' A in dollars, an 
interest rate I^ in percent per ••time- period, and' a number of time 
periods N, compute' the principal at the end 0% N;- time geriods. 
Jnputr Principal amount A, interest ra'te. I, and nuiii)er -of time 
periods N. , ^ , . 

Outputt ^Principal •after N time periods. 





MODEL jEX.AM-- 



—4 




y^i^^^'O^e^^e which of the following'-Sr^^algorithms^^ which are. 

-'-^phi^goHth^ For those 'that arernonalgorithras, e:^plain why.-c 
- ."^^"''^V^? I Ho w. to hovel s^x)w o f 'f a driv^^y , 

•-^ 27^-''feflioy.e a'sfioy^fuU ol siiQw-^ftom the <h?i^eway 

'there ^i;sj-sti-l^ On' the SifiVew^, go to step, 2 

b) How 'to buy.rtil new^ ^ar . 
w^^^SS-*^'^'-" --J|i^''-tlre'^ar 'ypu want. * ' 
^--z - T'^/^-^. find' outfits pri^e, 
* iy -:2r- r-S.V^Ask yoiir father for the money. 
^ ^- ' ,4,., Buy the -'car. 

/c).' How/to .find a job. | 

^ 1, Determine' which joby are open. , '* 

2. Interview for the jobs you want. 
^ 3. Decide which jobs you would like. ' 

4. Get the necessary training. 

5. Write a resume. ' , 

2. What output will the following algorithm generate? 



/- 



1 ^ START ^ 
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3. Desipr an algorithm Jpor i^olving the following problem:' Convert a 
length fjfom inches to -feet ;9jid inches. . . ^ 
Ca), Define the problem more precisely. * ^ 
(b) Jhe followingaare the. boxes needed *for an algorithm to 
solve this problem. Fill in tfm two empty boxes. 



START,) , PyT-;) ^ 




(c) i^^rrange the bbxes above into a flowchart language algorithm 
to solve the stated, problem. Use each box exactly once. 

1 • . ' • 



8. SOLUTIONS TO MODEL EXAM 



(a) Algorithm 



J. 



' 'tW • This does not solve the problem. In' step 3, you do not 
. • • receive money^ by asking* 

(c) The steps are. out of sequence. ' 

2. 4 . . ~ 

- ' " .- . f' . ■ 

: 5' ' " . . 



(a) . The problem could more preciselly ^pay : ' ' 

• ' ^ ' Convert a length from inche s' to feetj ^ find sginches where 
the number of ^eet .is integer a^^s^large* as possible. 

(b) Input box should contain "inches'*. * . 

"Output box should contain "feet, inches". 
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no 


1 ^ 

feet. 


inches 

J 



feet-^feet+l 



incheS'»-inches-12 



( 



m STUDENT FORM 1 
v^'Request for Help 



Return to: 
EDC/mP V 
55 Chapel St. 
Newton, MA 02160 



^ — 

. Student : If you have trouble with a specific part of this unit, please fill 
- out this form and take it to your instructor for assi9tanGe. The information « 
you give will help the author, to revise the unit, ' . ' . , 



fYour Name ; 



Unit No. 



Page 



0 Upper 
OMiddle 
- O tower^ 



OR 



Section 



^Paragragh^ 



OR 



Desctiptipri of Difficulty: (Please b^;Speci'fic) 



Model Exam 
Problem No, 

Text 
Problem No, 



mmc 



Instructor :~**Plea8e- indicate your resolution of the difficulty in this box. 



o 



Correcjtid ertors\in materials. List Qprtections here: 



*' Cj 6ave student better explanation, example, or pr&cedure than itr unit., 
' ' Give' brief outliiie of your addition here: - , 



^1 



r j Assisted student in acc^uiring^ general learning and problem-solving 
^'^^ skills' (not using examples from this unit.) ' 
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Instructor's Signature_ 



Please use reverse If h^essary. 



' " ' ^ • * - - . Return/^: ^ . 

~; . ^ ^ ^ ^ STUDENT FOfeM 2 , EM/CmAP 

' ^-'^ • ' ^ --"l—Uni^ilQuekionnair ' ^^^^^P^i/^f;,^. 

' I • ^ Newton, MA 02160 

" .Naiiie_ ' . ' ' U nit llo,^^; Dat e 

♦Institution ' ' Oourse No, , ' - . ' ' . 



Checic the choice for each questio^i that comes closest to your* personal opinion • 

!♦ How useful was the amdunt of detail' in the unit? . ' 
y ^ J . , 

- ;y>;> N ot enough )letail to understand the unit 

^ U nit wbuld have been clearer with more detail 

^ ^'N ' A ppropriate amount of detail • . ' , ^ — 

/ ' U r\it was Qccaslon^liy-too detailed but this was^ not distracting / - 

T oo much, detail;^ was often distracted .4* . . / 

, 2 ;^ Hoy helpful were the problem answers? ' ^ 

\ . S ample solutions were 'top brief ; I could :gi5t^ do th^ intermediate st^ps 
. S ufficient information was given to_8qlve» the pfobiems-^ • . - , 
Sample solutions were top /detailed ; I didiilx Med them 

3. Except for fulfilling thfe>prerequlsites> how much did you use other sources (for 
example/ instructor > friends,, or other books) in order to underst'^nd the unit? 

A Lot ^Somewhat ' A Little ^ , Not dt all 



4. How long was this unit in comparisiori, to the amount of you getiera^dy spend* ori 

a lesson (lecture and homework as^ignment>; iu a typical math or science course? 

Much , vSomewhat^ About Somewhat ' '«/ Much ^ 

• Longer . Longer. ^thj^ SaiSe / Shorter * ^Short^r 

3 .V. Were any^of the following parts ^of the unit confub^ing or distracting? ; (Check ' : . 
"as many as apply . • , , - ' ' ^ 

• P rerequisites \ * * " ^ • ' \ , 
S tatement on skills aftd ^concepts (objectives) ' ^ . . - ^ /- 

. P aragraphhgadingg ' ^^.^ ' - - \, \- * 

• - :_ E xamplea<i>^ ' . -V : * : ' ^ \ 

^Sp'epiar Assistance Supplement^ (if present). ^' * . ' , v , 

Other > please explai n' " ^r^' ■ ' . - ' m 



6\ Were any of the f ollowingi&arts of the ugi^ .particulariy helpful? * (Glieck ai many 
; as apply.) ' ^ . * • 

p rerequisites , , ^ - ' ^ ' ' ' 

^Statement of skills and, concepts Xobjectiyes)' ' , . ' • . 

u Examples - -V ■ v ^ < ' * i - 

Problems, ' . ^ . . . , , . A- i , • * ^ V 

Pa'ragraph headings * ' ' ' v ' . « . - W , ' ; 

Table of Contents ' .J:/ ' . ' * \ ^' ; ' - 



Special Assistance Supplement .(if present) 



^ ;O ther, /pleaae ^expl^i n ^ . 



Please describe anything in the unit tltat you did not particularly like; 



Pl^se describe atiytlilng that you found, . part i^jaiarX^, helpful* (Please use the back of 
this Bheet^^lf you need more space;) 
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(TERATIOig AND COMPUTER PROBLEM SOLVING 
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yi-*'-' k f<^^ 



START 




^tbal ,chktot,dcptot 
^ : 



1". 

T i f 



finbalt-stbai-chktot+deptot 



stbal .chktot,: 
^dep'tot,finbal 



STOP ^ 
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1. INTRODUCTION 



°^ the^raajbr advantages in using a computer for' 
^ problem solving is that a process' can be explained to the 
, computer once' and the computer can' repeat; that pToces.<^^ 

as many 'times as is necessary ^ solve the problem. In 
, fact, without this computers would be of limited use 
'^fm^'^s problem solving machi^nes because it generally takes 
longer to e;cplain a process to the computer than to 
carry, it out by hand. R^^^^eated execlition of a single > 
^set of instructions on a computer is often called 
iteration. The term "iteration" also refers to any single 
ex^ution .of a process that is carried out more„ than once; 
' the sens.e in which the term is used should clear-from 
' , the con,text. \^ " , ' 

The module describes ways dn. which you can use com- 
, puter iteration effectively in problem solving and, in 
addition, ways in which yjoja can use two other forms of 
itetation in constructing the 'algorithm. The second form ^ 
ot Iteration involves repeated -tracing through of the 
problem\soivinj^- steps, improving your algorithm with each- 
iteration. We 'tall this process itevat^ve impvove^ment in 
/ algorithm d;esign. Each^mprovement of the- algorithm might 
^ add- features to the previous version. 

The third^ form of iteration in problem solving' is ' - 
found in an approach to arlgor'ithm^ design .called, the 
top-down app'roaah. *Th is 'approach -for earring out ^step 4 * 
of the problem splving proces^(see Unit 477)' mi^ht best 

* /^e' cal'ledi0:iterative refinement. It differs from iterative 
4mprovemen't in that the algorithm is riot 'changed at each * 

' -iteration,, but-^rather, more detail is provided.* * t- 

. , 2. A MORTGAGE PROBLEM. ^ ' * v ' 

'Jn order to illustrate the iteration* technique, .'we 

• /' shall solve' the following.. problem*, given an amount of 



borrowed principal, a yearly interest *rate, and a month- 
ly payment, determine the new principal after one month- 
ly payjnent has been .made and determine the interest 'for 
one month. ' - * » , 

The input for this algorithm consists of the 
principal at the beginning of the month, the yearly 
interest rate expressed as a decimal , "'and the, amount of^ 
the payment. The output wiJl consist of all values input 
plus "the part of the payment which will be usjed.to pay " 
interest, the part of the^ payment which wil^l be used to 
payoff the principal, and the new principal balance at 
the' end of the month. ,^ * ' 



Algorithm 1 . Mortgage payment - Version 1. 

Variables 
Name .-■ • 



prin 

rate-' 

pay 

interest 

prinp^y 

new 



Description / ♦ * 

The principal balance at the 
beginning of the month, 
fhe yearly rate .of interest 
^expressed as a decimal. 
The amount of the payment* 
The part of thevpayment which 
goes tovard interest. 
The part of. the payment which 
goes toward the principal. 
The new principal balance at the 
end of the month. 
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( START ^ 
pnn,, rate, pay 



' interest^prin rate/12 



pTinpay-<-pay- interes.t 



new-<-pria-prxnpay^ 



prin^ rate, pay 
interest^ ^prinpay 
neir 



|i<iv^l-r.: • The. interest is calculated by multiplying the prin- 
8>r'4^!j'lcTpl^ rtimes/the^ interest rate divided by 12 be- 

cause, the given rat(^ *is«£cr a y^ar and the period used. 

p^?|r}: >froi the payment pay af.ter the interest. is' paid. ^ Finally, 
f5^i^:*'.> n'ew>xs>vthe principal balance after prinpay is' paid. 



*t' t ' - , ; 



r'iV ^^Oiobsfe; saBg)le values '^fo prin, rate, and pay, and follow 
' \ throujgh algoritJi»,4 as a conipute'r would. 
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^ 2. Follow the steps in the 'flowchart language algorithm b^ow - 
for some sample input values. The algorithm Is one to balance 
a checkbook. 

/ Algorithm: Balancing .'a checkbook 

^ ' . Variables 



Name 

v3tbal 
chktot 
^ deptot 

finbal 



Description 

Balance at the beginning of the month. 2" 
^ Total amount of ail checks written/ 

Total amount of all deposits made during 
the jaonth, ) - ^ 

Balance at the end of the month. 



— : 

j stbal ,chl^ot , deptot 



finbal-^stbal-chktot+deptpt 



stbal, chktot, 
deptot, finbal. 



( 4' " 3 ' 

V J 



3. ITERATIV£ IMPR'OVEMENT 



• Although' our mortgage payment algorithm 1 will 
I function properly if friendly values are input, it will 
•not respond in a suitable way to bad input. For example, 
consider tlie, case in wliich the payment is too small' to 
coyer the interest for the^j^th. Suppose prin = 20000., 
rate = .09, and pay = 100. If .you follow through the 
^ steps of the algorithm with these values as input you /get 

interest^ 150. 
* prinpay =^ -50. 



|'|new = 20050. , 

^On the other hand, the payment may/ also be tcfo large* 
In this case,' the paymcfnt covers the interest and the 
, remaining principal and there is still some. extra left. 
This is typical of the final payment in a pay-back 
schedule. For example, suppose prin = 60., rate = .0*9, 
"and* pay = 100. Tlien", the calculations would be 



/ 



interest = 0.45. \ ^ . 
pr.ilpay. = 99. 55. \ 
new =»-39. 55. 



, We shall use iterative i^provelcient to correct thfese 
two, hiinoV* flaws in our original algorithm. ' If the pay- 
ment .is %po small, -we Jin form the user -Snd" terminate the 
program;, if it is too large, -we pay off the* loan and • 
^ notify the user that he or she is entitled to a refund. 

7 These modifications to Algorithm 1 ^^aije indicated art 
'Algorithm 2.^^"The decision box ij(cluded *ipmediatelv after 
. the input box tests for a payment too small Xo Jtover the 
/ ^intere^^, - When this is the case, we provide a message to 
• the ^^ser and* then immed5^tely 'halt the algorithm. This 
' ^actibn*4jepi*esents a pojicy 'of disallowing payments^ which 
are, xnadeciuate to pay the interest. - ^ - 



After the interest^ payment is calculated, we add 
another decision box which tests ior payment greater than 
the princip-al. Inthis^case, we calculate the new prin- 
cipal and amount paid on principal in a different way and 
adjust prinpay to exactly pay the remaining, prinbipal. 
We also include ^ message which notifies the user^that 
he or She will receive, a refund. 



Algorithm 2\ 



Name 
^rin 



Ml rate 



\ 



interest 
prinpay 



overpay 



Mortgage payment - Version 2. , 

Variables ^ • ' 0 

, . Description , 

The principal balance at the ^ 
beginning of the month. 
, ^ The yearly rate of inte^jOst ^ 
• expressed as a decimal. 

The amount^^f the payment. 
The part of the payment which' / 
goes ^twoward^ interest^ 
The part of the paj^ment which 
goes toward the principal* , 
The new principal balance at the 
'end of 'the month, 
f The amount of overpayment, for the 
final payment. /"\ 



7 
I. 



■0 



49 



/ 



'.V . 



^ START 













^ — ' 








pr'in, rate , pay 






yes 



no 



interest-^prija jx rate/JZ 



"Payment doesi 
not covet in- 
terest. Please 
Increase 
payment" 




yes 



new-^O ' 
rprinpayiprin 
oyerpay-*-paT-prinpay 

-interest 
V^y^V^X~ overpay 




prinp^y^^pay^ interest 



'•You are ^erititl'edf 
to a refund of", 
overpay 



^ ■ 



7 



new-^prin-primpay 



;pr in, rate, pay, interest 
prinpay,new 



\ 



tvr:-.. > .; / • ■ f .stop •• ) 
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Exercises: 



3. Follow through .Algorithm 2 for the following input data: 



• 4 


Prin 


rate 


pay 


Test 1 


20000. 


.12 


250. 


Test 2 


200Q0. . 


..12 ' 


150. 


Test 3 


200. * 


.12 


400. 



4. ITERATION 



The next step in the improvement of our mortgage 
algorithm^ill be^^^to g^enerate a schedule Of paymeij'ts by 
repeatedly executing thjb algorithm' given ^bove.^ To 
assist us in doing this, we, use the thr.ee forms of itera-,. 
tion that were introduced in'*Section 1. • 

' We shall discuss 'two forms of iteration here, ani' 
a third form in the, next ^-s^^t ion. The first form will be 
called the until iteration. The iteration box which we 
use. to, describe this construction is indicated in the 
following di^^agram. . ' . - . 




Until 
iteration 



• The body of the iteration, is actuallyjd subalgorithm 
which is to berepeated until the termination- test, is < 
satisfied. Jhe body cff the iteration- is sh9wn as a cloud 
'to indicate that this might be, one or .two boxes^^or a- more 
inyolVed set qf flowcliar^ statements. In -the .latter case, 
wd^^.will find it helpful ^to give the body -a flowchart of 
its own and , include only it^,name to the right 'of ^the 
iteration box. The procedure for- doing that will ^e 



discussed later. -.The dashed line from the body back to 
the termination test indicates th-at this is an automatic - 
branch in the algorithm and notZ-one that heeds to b^e '^f^ 
explicitly defined. We can consider the dashed line to 
be a part of the iteration box. 

,The second form of the iteration box is the white^ 
. iteration. This form accomplishes exactly the same action 
as "the until iteration but does it in k logically opposite 
wajr. Its general form is shown in the next diagi-am. 

While 
Iteration 




-,Jhe test is now called a continuation test because 



the Iteration iV continued as long as the: test is„ 



satisfied. The continuation'test is always logi 
opposite to the terminafion test; the two forms aTe>.. 
introduce'd becaus6;^»some^ computer languages naturally pir- 
iform >>t he until iti^tions while others are designed, for 
whiletjterqftion^ t% • - 

As an Example 9f the use of the iterations,, consider. 



ISSK 'v^^ finding' tlie greatest c^^mmon divisoi^. 

J^^^^^XM^^^ of' exprepsing-this algorithm using the' 




The two numb ersr input toAthe 
, algorithm^ - . ' - 

. ^ A'.cbuiiteV which is tested, for the 
greatest* common "divisor. , % 




Ajtorltlu^s^ ^ are logically equivalent in 

^o^e ^^at the 

ll^^^^cS^diti^^^ box of Algorithm Sb is .the 

hegation^of the one in the iteration box of 
t^vijiV^^^^^^^ y*ou» terminate precisely when you 



do not continue. 



g?:^- , now use these iteration •libxes to make a final 

g:^; . iterative improvement, to our mortgage algorithm.^ We 

-.shall nowiha^nB the*. algorithm continue to make monthly , 
H^^i^ -payments- until the mortgage i^ paid off. This algorithm 
lr||^S'^^is^gijveri in aiir flowchart language 'in^Algorithm 4/ . 

Algorithm 4. . Generate thj^' Imonthly payments « necessary to 

W^^C:t ^^^^^^^ a woffgage wi;th initial prin cipal^ pr ^n^ yearly 

" monthly payment' pai/' * i. - 

Variables ;^ ^ • , i 

DescriptjLon ' ' . ^ ^ 

» ^Principal am6^unt.| 
..Yearly rate of interest ^x- ■ 
pressed; as a* decimal. . 
Amount af ^the monthly payment. 
Part of "the- monthly; payment 
which goes .toward, interes,t. 
Part' of the m(0n1;hly payment - 
Vhicb .goes toward principal.' 
- New pi^ricipal aftei: a payment 
has been made.. * 




:-.,p]riripay 

* . f - < 



' ,.neWprin\^j 



Sj^^'i "V^,*.'^* : 



Ml 



^ START ^ 



pprin, rate, pay 



"lirt^rest^prin x rate/n 




• yes 



no; 



^ v"payraent *does not 
cover interes^t^' 



prmpay-t-pay-mterest 




yes 



newpriri-^prm-prinpay 



newprin.-«-0 
prinpayHKprin, ; - 
pay-t-inter^e5t+prin 



pr in-> tat e , pay , int^e^ est , 
pr inj^ay ^ newprin 



prin,ratejpay, 
interest ,prinpay 
newprin 



pran-^newprin- 
interest-^prin x Tate/lZ 
prinpay^pay -interest 




-1 
I 

I 
1 
I 
I 
I 

I 
t 

t 

»i 
1 
I 
I 

r 
.J 
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' Miich-oi this algorithm looks familiar from 
Ax^rithm, 2, After the results for one month are printed 
in an iteration, that. month's new principal is the.n set 
\o be the next month's beginning, principal. The Itera- 
tion finally terminates wlien the amount paid on the 
**principal exceeds rthe principal balance ; /Unlike 
Algoritfen-Z, we now call^this a valid payment and make 
it the right amount to pay off the debt exactly. 



5.^ VARIABLE -CONTROLLED ITERATION 



\ 



in the last section we learned about forms of 
iteration which repeated a subalgorithm until termina- 
tion conditions were met or continuation conditioi)s were 
Now we int^dduce a sligJ^tly different form of ^. 
Thi^ is iteration cbntrolled by. 'a variable. 
•.The general f6rm of such an iteratidn is 



not. 

iter ation. 





^ 6 - 


Initialize 


^Modify 


control 


control 


'Variable 


variable 




It shoul4> be.^riot'ed' that -tliil? form o^ iteration' is 
speoial case of the form we studied in the prec'pding^ 
section. This iteration qan be stated in terms of the 
pr^evious one as indicated in th^ following diagram. 



Initialize 

control 

Variable 



r - 



Test control 
variable foV termination; 
' condition 



Modify control}^-. 
^variable 




■^^^vL failure 




J 



' ^^'^ . The reason we give the »vai*iable-controlled iteration 
its own form^ is th^at it is commonly used and is directly 
implemented in most programming languages. 

The variable which controls the iteration is set to 
some initial 'value at the beginning of the iteration. It 
is then modified after «ach execution of the body and the 
iteration is terminated when tjie *oontroj variable satis- 
fies some termination condition. In order to. control the 
iteration properly, the control variable should. not be* 
changed in the body. This form of '4te.r4;tion is particu- 
larly useful when a prpcdss must be repeated a fixed 
-number' of times. In this case the control variable is ^ 
used as a counter which in some way keeps track of 'the 
number .of times the body has been executed. 

A^lgorithm S^prcyides an example of variable-controlled 
.iteration. ' In this^ cas.e,. the variable. <?OMwt is used to 
count the number of data values which nave been read in. 
I*t is initialized to. 2 to indicate ti^^' the second 
value'is- read during the execution of the body. It is 
incremented by M each time,^aAd when, the incremehts^makes 
Count J^Tger than N, then N values have been read, so 
trie uteration is terminated, , - . ' ' • * 



v 
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14' 



^,1 



* < — . 



N 

31 



J first 





1 ' 


1 : 3 

couht+2 


CoUWt+1 





Ik: 



Anptheifsnew box has been introduced .in\^this^ algorithm. 
*TH^? is the- triangular.^h£tpe^ 'procedure bo)f.^ The. name 
inside, such a box is the name of a pfocledure which i^ to be 
execjjited at that^ j^oint; This type of box is used to avoid 
. complicated constructions* in ^he body of '*an itera^on. 

.,TRe flowchart for the prqcediire^is then, found elsewhere. 
^A^procedufe is* a^ctually a subalgorithm. Inst^ead^^of^^egdiining^ 
' aiid ending. wi.th'4SJ^ STOPiboxes, its termdna;: ion boxes 

,are .'ENTER and WlT. The ENTER box of • a procldyre has a 

pennant attached* to it which gives^^the name by which it^ ds 

, - - - - ^ ■ - , ' • -5^: 

called into action. When we arrive, at the EXIT ,box of the 
proce^ijre,- we" automatical-ly cease execution of ■ the- procedure 
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1,5 



i 



and begin execii'tiori in the algorithm which called the " 
procedure at the next sequential box after the procedure 
bix. , . , • # 

We will use such a procedure vbox as the body of a 
loop* when the body' is longer than one or two boxes*. 



We now consider another example. Suppose there are 
30 students in a class and each student has a studen^> 
number and 40 quiz scores. The algorithm is to determine 
the sum of the quiz .scores for each student. The 
algorithm for sdiving this problem is^resented §s ' 
Algorithm 61 y* ^. 

Here we irw^*^ iteration within an iteration. This 
is. a construction ::that occots frequently in' algorithms. 
Also note, in the Find-sum procedure, that sum needs to' ^ 
be initialized to zero, before a sum is accumulated. If ' 
this 4j-"''not done, a cumulative sum of all students* scores 
will be computed. In fact,^there is no«guarantee that 
sum is zero at the very beginning of "exe<^t^n. 

Algorithm 6 ,-^ Find, the sum of 10 quiz scores for each jof 
30 students • - - * 



Variabiles 



Name 
^tcnt 

.stnumber 

sum H 



qscore 



Description 

The countW for students which goes . 
from 1 to '30. 

The student number read for each 
student. * 
The sum of each student's quiz^v; 
. scores . " 
The counter for quizzes which gpes 
from— l->^tjO_lJ5^.__ . * 
-The. quiz score reetd for eacfi~~quiz~-^ 
. an'd- student . . m 
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Exercises. 



.Modify algorithm 6 to input the number of students and the 
number' of quiz scores for each student. 

The following boxes are used in a flowchart l>anguage algorithm 
•for finding the two largest ^numbers in a set of N numbers. 
' Place the boxes in the proper arrangement. ^ ' ' ^, 

Variables * 

ame Description • ^ 



Value 
bigl 
big2 
I 



The number, of values in'the set. 
The value r^ad. 

The biggest value read so far. 
The next-to-biggest" value read so far. 
A counter used to count the number of 
values read. 



( , START j [ ' ^ 



STOP^ J {value 






brg2^Value 



— 



big2-f-bigl 
bigl-(- Value 



T 



Temp^bigl ' 

bigl^big2 

big2^Ten5) 



. i. . 



S4 



ei ' 



.18 



h 



The following boxes can be used to construct an algorithm for 
computing the mean .of a set of/N numbers. Arrange them in the 
. proper ojrder. i , ' 

^ Variabl es * 
Name 



K 

Value 

Mean 

I 

Sub . 



Description 
The* number of values in the set . 
•The value jread. 
Ili'e mean of. the values . 

A counter used to count the number of values 
•read. • 

The sum of the values read. 




Sum^-Sum* value ' 



mean Sum/N 



7. 



tarange the following boxes ^to form an algorithm which ^nds all 
infcgers'between M and N which are exactly divisible by K. 
Va riables . 

* • Description 



I 



The lower^imit of the range of integers. 
The upper limit of t/hfe range- of 'integers. 



mi 



/ 



The value whole numbers ^retp be printed. 

i^|||we 



A'xounter used to test for ankwers which 
goes^ from M to N. . 
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* *? 



^ START j( 





1 






. I+M 


KI+1 




6. TOP-DOWN APPROACH 



The top-down •approach for ^designing^r algorithms is a» 
technique that allows the designer to handle a complicated 
algorithm in a simple way. The ^sic approach is to 
desij^n^^the algorithm using powerful boxes, then breaking 
those boxq^ down in^o flowcharts with less powerful boxes 
and continuilig that process until^you are at a level suit- 
able j^or impleiriSntation on a computer. 

Ini order to* illustrate this technique, we look at an 
algorithm for arrangji^g N numbers in^ i^tm*a^ order. 

Algorithm -7 . Read N numbers and print them in't'non- 
descending otder. 



-'^^Name 



Variables. 



N 
A 



Descriptian' ' ' 

The, number of values* in the set. ^ - 
An"arrlay of N values to .be ordered. 



63^ 



r * START^ 
fN,A(l),,.,,A(N) 



-r 



I Put the numbers A{1) . , ,A(N) 1 





This is obviously^ not the final solution to our pro/lem 
■since- we/ still haye n6t described the /process in engug'h 
•detail for the computer to follow. The next^tep is to 
.^^Sg^-'^he mi.ddle box itself down into an algorithm. 
-This is -the- beginning of iterative refinement,.. 

Algorithm 8 . Put the numbers A(l ) ,- 
descending order. 



,ACN)- into non' 



Variables 



^ERJC 



Name 

N , 

^- A 

' k ' 

max - 



Description ^ 

The.jiumber^bf values in the sef . 

An; array of "N values to' be"' / 

ordered. ' 
r A^'^counter which goes from^tetcy 2. 
-The index of the larg^t i/alue 

from A(I,) t/o ACk) . /. 

■'/:--'■ ■ ■ ' 
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^ START/ y ^ 




[ 

k^k-1 


no 


Fiad the largest of 
A(l),.,-.,A(k)- call 
it A(max) ■ - 


-3 


Exchange A(max) 
and A(k) 





yes 



This pr^dure, for k=N down to V^l , is to find thil 
largest df the first k values and place it at the kth, '"■ 
position.\ -The first ^ime". with k=N', we find the largest 
in the e-rftlre set and put it aft the bottom. The next pass 
through the iteratiqji. with k=N-l. we i-gjjore A(N) .since 
it is already correct, and place the largest of the 'first / 
N-l values in the CN*-l)st position^. We continue'the ' 
process until' all are in order. ■ 

Next we break down the box 
a flowchart. 



Algorithm 9 
it A(max) . 



Name * 
a' ^ ' 
k ^ 
max- 

ll^rge 
3 



'find the largest..," 
.pFind the- largest of A(l} , , . . ,^(k) , call 

'1 



into 



Variables ' . ^'"^^ " " / 

. Description 
An array of values. 
TTje number bf,-:Values in the set, 
The index ^of the largest value ^rom 
^A(l) to A(k) , . ^ \ 
The vaiue o£ Afmax). 
- .A counter which goes from 2 to k. 



r 



0.5 : ' 





-Finally, we expand the "Exchange. box from Algorithm. 5 . 
This required thr-ee data move^nents and one temporary 
location. .It is given by the fol lowing 'algorithm. 
Aljgorithm 10 . Exchange A(max) and A(k) 



Variables 



/ 



\' Name 



Description 



. lc,max 



An array of. values.. 

The indexes of the, two .values tb 

be exchanged. ' ; . : 




7t^mp-^-A(^k>* ' 

•^^ilcDfACiijax) 

;A(ma^Htemp 



/ 



3^^-..,.::,.... ... V. STOP - 

^4'^;%i=;JJ''., no'^,!^^ 7-10,,.-all of. the steps ' 

^?f5|.K^;e^'ejs'?'aiy; the .task- of •p;i-a.cjng the numt^ef? in-' 

W^Mi^^rMs^^:i^^"^:i^°^^^^ i"^'o- one, . f,^^wcljart for^Algorithm 



\ 



Algorithm 11. Complete Algorithm 'to read N numbers ancf' ! 
prirtt them in non-descending order. 




temp-t-ACk) 

ACk^-^-ACmax) 

^(ma;c)-^temp 



m "1/ ^ ; • • - ; '^^^ . ■ • 

/ ^ Algorithm LI was dfi3rgned by the^ top-down approach. 
This.,Beans t,hat\vfe star.t with the. highest level ' tasks and 
.^proceed tq bre,ak. tligtn down- into' more' ariH more, detailed 
subtasks until '^inaliy.we have an algorithm which' is { 
^ ^ detailed enough tp provide convpiete instructions to 
• ^- ' computers.. In this way we' havo broken the original 

^ ' -problem-down into three ^simpler problems. 1 

\,\r ' general, ^pp-down design is an-approach whereby • ^ 

t\' / • va difficult problem is broken down into several simplejr • ' 
I * . problems "Khch af these .simpler problems may~:al so' be^ 

J.: , vv broken down' into, ;5e vera 1 simpler ones , and so' oV until 
ty'l^ - all^of the problems to'be solved are within the gra^sp -of. \ 

' .the pro^iIeVsplver. This iterative refinement is a. ' *t- 
t^'^V, ' -V^ry important strategy in computer probl.em solv^rng. ^ ^ '^'^^'^ 

' ! * ' ^ <\- ^ ' - « . . ' : : ' * V 

.jL • EXeifcises: jo , ^^ . ' ^ 

hry- . S. jti$i,ng the ^set of number^ S,3^^&;6V2,7 follow through Algoratlim,U ' 

* "/- as a computer would/ / , '<v^» ^ : ^ „ ' 

* — ^ : '- — — 

* *' I ♦* ' * 



fl^ v. ' , " v ■ • r . * 7. SOLUTIONS TO E X£RCISE$ 

" ' ■ - " '^.^ * : cr^^ — ^ 

For Test 1^^ result'^is ^rin = 20000. 
. * ' ^ , . \ o • \ rate.= .12- • 

^ ' ..pay = .250,,. ^ 

: - c-^ ; interest 200. 

' ' ^ . *prinpay = 50.^' 



■ 



AS 
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S. MODEL EXAM 

-l>,^He--fQjXo«ing^i:aQrithm^ and prints'^ the 
'smallest number in the §et. Modify the-algo^ithm so ,thafit ^ 

prints not only the smallest" number, bur also the- number ^f--times 

that number occurs in*the*set. 



^ START ^ 




2, Write an Algorithm which reads an amount of money and determines 



how*many years it would take for that amount to grow to over 
$1000 if it accumulates interest at the' rate of 6% compounded 
annually^ Use each of the boxes below exactly once. 




amounts-amount x 1.06 



T 



7T 



'^(A • Explain in. your- (Jwn words the .top-down approach to glgori'fhm- 
•• ' design. Discuss why it is important. 
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. 'STUDENT FORM ; 
Request for Help 



Return to:- 

SDC/UMAP 

55 Chapel. St. 

Newton, MA 02160 



Student; ; If you have trouble with a specific part of this unit, plea^se fill 
outJ:his fonu and take it to your instructor^ for assistance. The information 
you glve^nj^ni-iielp-the author -to-rev±se_,the_ainiJt 



Your Name 



Unit No. 



Page 



O Upper 
QMiddle 
O Lower 



.OR 



Section 



Paragraph 



OR 



Description of Difficulty: (Please be specif id^ 



Model Exam 
Problem No. 

Text 
Problem No. 



Instructor ; Please jndlcate yout resolution of' the^ difficulty in this box, 
^ Corrected errors in materials. List corrections here: 



o 



Gave student better explanation, example, oil procedure tfian in^unit. 
Give brief outline' of your addition here: ^ . ' 



o 



Assisted student in acquiring general learning and problem-solving 
skills (ilot^ using •e:>^amples from this unit.) j 



Instructor's Signature^ 



7 ■v..'V,VV^^>#^ Hi-\.* 



Please use reverse. 1£ necessary. 



' Ret;urn ^to : 
STUDENT FORM 2 . EDC/UMAP 

Unit Questionnaire . " ^'^^^L^l'^^.r. 

Newton, MA 02160 



Name_ ' Unit No. ^Date_ 

Institution - ^ Course No. 



Check .the choice for each question th'at comes closest to your personal opinion. 
t-. — Hov-useful-vas-JJie_amount of detail in the unit? 



JJot, enough .detail to 'understand the unit 
JJnit W0UI4 have been clearer with more detail 
_Appropriat|b amount of detail / 



V Unit was occasionally too detailed, but this was not distracting 
. Too much de.tail; I was often distracted / 



,2. How helpful were the problem answers ? ' 

^Sample solutions were too brief; I could not do the intermediate steps 

^Sufficient information was given to solve the problems , 

^ ^Sample soluti(ins were too detailed; I didn't need them 



3. Except for ^Ifilling the prerequisites, how much did you use otheJ sources (for 
example, instructor, friefids> or other books) in order to understand the unit? 

A Lot Sonvewhat A Little Not at all 



A. How long was this unit in comparison to the amount of time you generally spend on 
a lesson (lecture and' hoQiework assignment) in a typical math or science course? 

Much i ^ Somewhat Abpi^t Somewhat Much 
Longer ^Longer ^the Same ^Shorter ^Shorter 



5 . Were any of the following parts of the unit confusing or distracting ? (Check 
as many as apply.) 

Prerequisites 

^Statement of sklllsand concepts (pbjecj^ives) 



Paragraph hea^ingl^^ 



^ExampHs' 

^Special Assistance Supplement (if present) 
jDther, please explainj . 



6. Were any of the following parts of the unit particularly helpful? ' (Check as many 
1 as'^pply.) ■ . / . 

' _J Prerequisites . . 

^Statement of skills arid, concepts (objectives) * 

E xamples , - ' 

Problems • , 

^ Paragraph ; headings , ' 



Table .of Contents 



I ^ ^Special Assistance Supplement (if present)' 

^ O ther, please explain ^ . 



Please describe anything in the unit tliat you did not particularly like. 



Please describe anything that you found particularly helpful. (Please use ^e back of 
thi^ sheet '^if you need more space jl) " . • 



